Reactions of diorganotin(IV) oxide with 2-naphthoic acid in 1:1 and 1:2 stochiometry give complexes of the type [R 2 Sn(OCOC 10 H 7 -2)} 2 O] 2 and R 2 Sn(OCOCi 0 H 7 -2) 2 (R= m-C 4 H 9 and CH 3 ), respectively.
INTRODUCTION
Judicious control of solid state structure of organotin derivatives needs an in depth understanding of the interplay of both steric and electronic factors [1] , In this respect, the maximum focus has been laid on organotin(IV) carboxylates which exhibit a variety of structures showing diverse coordination modes of the carboxylate ligand [2] . Diorganotin(IV) carboxylates have been known to adopt a variety of structural motifs but the most predominant structure involves six coordinate tin containing asymmetrically coordinated carboxylate anions [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . However, these compounds show large variations in Sn-O bond distances and RSn-R angles. These variations are difficult to correlate with the Lewis acidities of tin, but it has become clear that the degree of asymmetry in the mode of coordination of the carboxylate anions appears to be greater for the dianion in the structure of [(CÖHJ i) 2 NH 2 ] 2 [w-Bu 2 Sn(00CC6H 4 S03) 2 ] [3] , compared with the neutral species. This is in conformity with the reduced Lewis acidity of Sn in this compound and a tendency towards lower coordination number.
With an aim to show a possible link between the Lewis acidity of tin and the type of structural motif acquired by diorganotin(IV) carboxylates, we thought it of interest to prepare and structurally characterise sterically bulky dialkyltin(IV) 2-naphthoates. The X-ray crystal structure of the trimethyltin(IV) napthoate has been reported earlier by us [18] .
EXPERIMENTAL

Materials
Dimethyltin(IV) oxide, di-w-butyltin(IV) oxide and 2-naphthoic acid were obtained from Fluka and were pumped dry before use. Sodium naphthoate was prepared by neutralizing an aqueous solution of naphthoic acid with sodium hydroxide. Solvents were dried using standard methods [benzene, toluene and THF were dried over and distilled from sodium/benzophenone ketyl (under dry nitrogen) and dichloromethane was dried over CaH 2 and distilled before use].
Measurements
NMR spectra were measured using a Bruker AC-300 F spectrometer with TMS('H), CDC1 3 3 ]', 6 was prepared in an analogous manner. Compounds 5 and 6 are highly soluble in all common organic solvents and all attempts to obtain suitable crystals for X-ray studies failed.
Analytical data are presented in Table 1 together with other characteristic physical constants.
Structure determinations and refinement
Crystallization of 1 by slow evaporation of its saturated benzene solution and 2 from petroleum ether (60-80°) yielded good single crystals. Intensity data were collected on a Siemens P4 single crystal diffractometer equipped with molybdenum sealed tube (λ = 0.71073 A) and highly oriented graphite monochromator using crystals of dimensions 0.35 χ 0.25 χ 0.18 mm for 1 and 0.47 χ 0.40 χ 0.37 mm for 3 mounted in Lindmann glass capillaries. For 1, the lattice parameters and standard deviations were obtained by least squares fit to 40 reflections (10.28< 2Θ < 34.10°). The data were collected by 2Θ-θ scan mode with a variable scan speed ranging from 2.0° to a maximum of 60.0° min" 1 . Three reflections were used to monitor the stability and orientation of the crystal and were measured after every reflections. Their intensities showed only statistical fluctuations during 84.49 h X-ray response time. The data were collected for Lorentz and polarization factors and an empirical absorption correction based on psi scan method was applied.
Both structures were solved by direct methods using SHELX-97 [20] and also refined on F 2 using the same one. All the non-hydrogen atoms were refined anisotorpically. The hydrogen atoms were included in the ideal positions with fixed isotropic U values and were riding with their respective non-hydrogen atoms. A weighting scheme of the form w = l/[cr 2 (Fo 2 )+(aP) 2 +bP] with a = 0.0480 and b = 2.20 was used. The refinement converged to a final R value of 0.0348 (wR 2 =0.0958 for 5639 reflections) [Ι>2σ(Ι)]. The final difference map was featureless.
The data collection procedure, structure solution and refinement for 2 were essentially the same as that for 1; 50 reflections (10.19 < 2 θ < 32.66°) for accurate cell parameter determinations, a total of 87.16 h of Xray exposure time, R= 0.0643, wR 2 = 0.1699 , a = 0.1195 and b = 3.73 [in the weighting scheme] were the parameters associated with this structure. All other relevant information about the data collection and the refinement are present in Table 4 .
RESULTS AND DISCUSSION
Synthesis and properties
Reactions of R 2 SnO and 2-naphthoic acid in 1:1 and 1:2 stoichiometry yield [{ R 2 Sn(OCO-ß-CioH7-2 )} 2 0] 2 and R 2 Sn(OCO-ß-CioH 7 ) 2 (R= n-C 4 H 9 and CH 3 ), respectively ( Table 1 ). The disubstituted products 3 and 4 were also prepared in quantitative yield by metathetical reactions between R 2 SnCl 2 and sodium naphthoate in appropriate mole ratios. These compounds are white, nonhygroscopic crystalline solids and are soluble in common organic solvents, the butyl derivatives 1 and 3 show greater solubility than the methyl analogues 2 and 4. Cryoscopic molecular weight measurements for the (M-C 4 H9) 2 Sn(OCO-ß-C 10 H 7 ) 2 , 3 [562(574. 
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Vol. 25, No. 10, 2002 The assignments for the infrared bands were made by comparison with the IR spectra of the free acid and its sodium salt. The carboxyl stretching region for these compounds in the solid state spectra are fairly complex. Compounds 1 and 2 show strong to medium intensity bands at 1620(s), 1590(m) and 1550(s) cm" 1 in 1 and 2 is assigned to vibrations associated with the Sn-O-Sn stretch [6] . The presence of asymmetric and symmetric Sn-C absorption bands in the region 600-515 cm" 1 reveals that R-Sn-R bond angle is less than 180° in all compounds. Vibrational bands between 480-450cm" 1 characteristic for Sn-O bonds were also observed [21] .
119 Sn NMR spectrum of 1 showed two well separated resonances at -215.0 and -219.5 ppm as is expected for dicarboxylatotefraorganodistannoxanes attributed to exocyclic and endocyclic tin atoms, and supporting the presence of a dimeric structure in solution. The 119 Sn NMR spectra of 3 and 4 gave a single resonance at -150.5 and -291.4 ppm, respectively. These values clearly point that the tin atom is octahedrally surrounded by two asymmetrically chelating carboxylate groups [22] .
The 'H NMR spectra (Table 2) showed that the methyl groups attached to tin in compounds 4 and 2 displayed one and two sets of Sn-CH 3 resonances, respectively. The 2 J values are in the expected range and by applying the Lockhart's equation [23] the C-Sn-C angle for 4 is calculated to be 134.0°, close to the angle observed for Me 2 Sn(chelate) 2 compounds [5, [24] [25] [26] , The 13 C NMR spectra (Table 2 ) also displayed two sets of R 2 Sn resonances for compounds 1 and 2 as expected for dimeric dicarboxylatotetraorganodistannoxanes. The high field resonances are assigned to exocyclic R 2 Sn carbon atoms and downfield peaks belong to endocyclic R 2 Sn carbon atoms. For the C-2 resonance in complex 1, the separation between the two resonances was too small to be resolved. Ligand carbon atoms appeared as singlets in all the complexes [27] , Compounds 3 and 4 exhibit one set of R 2 Sn resonances and their NMR data can be best explained in terms of 6-coordinate tin species. The 2 J( 119 Sn-'H) and V'Sn-^C) values (1 to 4) are as expected. Using ( 2 J) and ('j) values, the C-Sn-C angles (Θ) have been calculated by applying Lockhart [28] and Holecek[22] equations. The C-Sn-C angles for all the complexes suggest a non-linear arrangement (Table 2) . Although two types of carboxylate groups are present in complexes 1 and 2 (as shown by the X-ray analysis of 1), only a single resonance is observed for the COO group in the 13 C spectra. This type of magnetic equivalence has been attributed to the existence of a dynamic equilibrium between different isomeric structures [29] .
Further interest in this work prompted us to study the nucleophilic addition of naphthoate to compounds, (n-C 4 H 9 ) 2 Sn(OCO-ß-CI 0 H 7 ) 2 , 3, and (CH 3 ) 2 Sn(OCO-ß-CioH 7 ) 2 , 4, to obtain higher coordinate anionic species. We have observed that the addition of [(CH 3 ) 4 (Table 2 ) indicated an increase in the coordination number of tin. IR spectra of 5 and 6 in the carboxy bregion show greater complexity than 3 and 4. Additional band is observed at 1740 cm-1 which may be assigned to v c =o of the CI 0 H 7 COO" group bonded to tin in a monodentate mode.
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Dialkyltin(IV) ß-Naphthoates: In order to understand structural details, single crystal X-ray diffraction study of compounds 1 and 3 was carried out. A perspective view of structures of 1 and 3 with atom numbering scheme is given in Figs. 1 and 2, respectively. Selected bond lengths and angles are given in Table 3 . 
2.099 (8) As observed for a number of structures [6, 26, [30] [31] [32] [33] [34] [35] , the geometry of 1 consists of a tetranuclear centrosymmetric dimer with a central four-membered ring defined by Sn The carbon-oxygen bond distances for the weakly coordinating oxygen atoms [C(ll)-0(2) =1.231(10) and C(22)-0(3)=l.233(9) A] are shorter than the C-O bond distances of the strongly bound oxygen atoms [C(ll)-0(1)= 1.296(9) and C(22)-0(4)= 1.291(9) A. The geometry observed about the tin atom in 3 is best described as a skew-trapezoidal bipyramid geometry. This structure determination suggests that the R 2 Sn(OCOR') 2 compounds prefer to adopt monomeric structures rather than polymeric structures arising from bridging carboxylate groups.
Our present studies clearly demonstrate an excellent agreement between NMR structure correlation with the X-ray structures. The estimated C-Sn-C angles derived from | 2 J| and |'j| values using Lockhart (for CH 3 derivatives) and Holecek equations (for M-C 4 H 9 compounds) agree closely to those observed from the X-ray data. A clear implication of the isolation of («-C 4 H 9 )2Sn(OCOCi 0 H7-2)2, a 6-coordinate monomeric complex is that the Lewis acidity of Sn in this compound is sufficiently reduced as not to allow it to undergo supramolecular association to form a polynuclear bridged compound.
